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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil veil or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictions! drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil veil casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the Inte rnal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside vail of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed la veils 
deep in the ground, It Is highly preferable that a tool he used which under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring In a well can result in considerable loss in time and 
great expense In making repairs. 

An object of the present invention Is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being Installed in the conduit. Still another object of the invention Is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, eaay-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there Is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
20 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 
*° Figures 1A, IB and 1C, taken together, constitute a partial sec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure ) is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 la attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before Inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first- stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaftJL8. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding tho corrugatod 
liner into a subotantially cylindrical shape. The arm members 22 are plvotolly 
attached to the oh aft so as to be movable outwardly from the shaft by a tapered 
expanding member elidably positioned on the shaft to serve as a second-stags 
expander. The surface of the member 2k, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, tho 
inside surfaces of the arms 22 and the outside surface of expanding member 2*t 
form mating soctions, typically octagonal in shape. The expansion of the arm 
membero is controlled by the position of the member 2*» which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 2k moves in a 
downwordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the firet-etege die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
firet-etage die provides a gross deformation of the liner so that it ia 
expanded outwardly against the wall of the casing. The aecond-stago die then 
passes through the liner and performs the final expansion to smooth tho inner 
10 surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid -tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. Hie assembly is lowered 
into the well at tho location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through porta 32 and into cylin- 
der 33 connected to tho upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
20 upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the socond- 
stage die 22 are drawn upwardly into the corrugated liner Ik and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the caning in which it is being installed. Positioned on ths 
shaft below tho expanding member 2k is a conotant force spring member 37 which 
is employed to urge tho oxponding member agolnot the expanding anno 22 with a 
subotontiolly conotant. force . Tho f orco oxorted agolnot tho or© moaboro bo ins 
subotontlolly conotant, tho f orco transmitted through tho arm maabero to tho 
30 liner and to the cooing will he oubstontiolly conotant oo that oithor o ticking 
of the tool in the caning or rupture of tho cooing io procluded. Of couroo, 
the force provided by tho opring member io proooloctod oo that tho frictionol 
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forces betveen the tool and the liaer and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 i 3 slidably mounted on the shaft 
18 and held between the expanding element 2h and a cylindrical lower shoulder 
member 38 forming a portion of a differential sorew element 39 which transmit a 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member 18 on the outside of which are cut male threads 
18a, the lower shoulder member 38 provided with female threads 38a and thimble 
member Ul provided with threads 4la and 4 lb on the outside and the inside, 
respectively , to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 36 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble tl. 
The shoulder 38 is secured to the shaft 18 by splines 45 so that it can slide 
longitudi nall y i but it is not free to rotate on the shaft. Fixedly attached 
to the lover end of the thimble is a friction member, such as bow springs hZ, 

20 a hydraulically actuated friction pad, or other such device for frictlonally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads l8a, e.g. right- 
hand threads, and the pitch, or lead, of threads l8a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock-wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. Por example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2.5-lncheo 
inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member kk is in contact with the upper ends of the 
columns and is slldably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lower 
bearing plate member 46 contacts the lover ends of the columns and is moved 
upwardly along the shaft by longitudinal movement of lowor ohoulder 38 as o 
result of revolving differential screw element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are inserted. These grooves may^be shaped to 
conform with the s.iape of the column ends if desired. A covor 48 may be 
employed to exclude foreign matter from the' spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops 4 9 and 49a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo-e toward, or away 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving down by lover shoulder 36 connected to the shaft 18. 
Hovever, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plato members as they move together to prevent permanent 
deformation of tho column olement 43. Various alternative means for prevent- 
ing damage to tho column olomont may also be employed, For example, plno or 
rings mounted on tho shaft may oorve as stops, or the cover 48 provided with 
suitable connections may bo employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of tho column eloment 43 may be arranged around tho 
shaft 18, which as shown here forms a portion of the body of the spring 
device, with endo of the columns fitted in the races 47. The coluano may bo 



736288 



fitted closely together as shown, or may be spaced around the race, vlth sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderaess ratio of the cohrm may be varied 
videly, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column vith rounded enas, free to move within 
the races shaped to the curvatu; e of the column ends . ^.aterlals which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel- chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, vlth the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the dhaft. Thus, vith sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.l67-inch thick by 0.438-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A. I. S.I 
^>0 steel, quenched and drawn at 575 °F. Each column was found to require a 
20 critical compression loading of ^50 pounds in order to buckle the column. 

After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve is described by curve OA' ABC. Actually, 
this curve is described by OABC duo to friction in the system. Points A and B 
represent typical working limits, which, of course, may be varied according to 
the application for which tho spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just below tho 
30 yield point may be used, whilo with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construc- 
tion. In the above-mentioned tests, the lateral deflection was limited to 



- 7 - 



736288 

approximately one inch, at which the longitudinal deflection was approximately: 

0.225 Inches. From zero deflection to the maximum deflection, the U 50-pound 

loading was found to be substantially constant. 

In another teat a spring device was built, as shown, employing 20 

columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection was limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon compreasional loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0** inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds . 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columna, there- 
fore, are laminated, as shown in Figures IB and 2> with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well ao montioned above, 
with the anas 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing ie revolved. The friction member k2 engages with tho 
vail of the casing and prevento thimble Ul from revolving. With several 
revolutions of the tubing, lover ohoulder 38 is movad upwardly by differential 
screw 39 to bucklo spring element 37 which has a predetermined critical 
buckling load. This load io transmitted upwardly against the lower end of 
expander 2k, and its tapored ourface io engaged with the tapered ourfaco on 
the inside of tho armo 22 to urge the arms outwardly with a subotontiolly 
constant forco proportional to the critical buckling load of the spring 
element. Sunooquontly, the expanding tool io passed through the linor to 
expand it ia the casing in the manner deocribed hereinbefore. 
50 foregoing description of Q preferred embodiment of my invention 

has boon given for the purpose of exemplification. It will be understood that 
variouo modifications in tho details of construction will become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

1 1* A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

V 

3 shaft element, said die member comprising a movable liner-foraing member 
h positioned on said shaft and being radially movable in respect thereof to 

5 contact said liner, an expander member slidably poaitioned on said shaft 

6 between said shaft and said die member to move said liner-forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact said expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner -forming member is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing an expanded metallic liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an expanding die 
h member attached to said shaft, said die member comprising a plurality of arm 

5 members disposed around said shaft and being pi vu table outwardly therefrom to ' 

6 contact said liner, a cone member slidably positioned on said shaft between 

7 said shaft and said arm members to urge said arm members outwardly from said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said arm 
10 members, whereby said arm members are urged outwardly by a substantially 
U constant force. 

1 3» The device of Claim 2 wherein said constant force spring member 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing plate member! each of said bearing plate 

h members contacting opposite ends of sold columns, at least one of said bearing 

5 plato members boing movably pooitioned on said shaft and being in contact 

6 with said cono member, atop meono connected to said shaft to Hal t tha n.vjn.1 

7 travel of said movoblo bearing plate member along said shaft, and campreooian 

8 means for nrvi ivfe>vtw^ g 0 lateral deflection in said columns. fi 
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4. The device of Claim 3 wherein said compression means comprises 

2 a differential screv connecting said spring member and said shaft. 

1 5. The device of Claim 3 wherein said stop means comprises a 

2 sleeve-like element connected to said movable bearing pUte member and 

3 Blidably positioned on said shaft and a member connected to said shaft to 
limit the travel of said sleeve-like element. 

1 6. The device of Claim 3 wherein said columns have a rectangular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

1 7- A device for installing an expanded metallic liner in a conduit 

2 which comprises a cylindrical shaft element; an expanding die member mounted 

3 on said shaft, said die member comprising a plurality of arm memb ers disposed 
k circumferentially around the outside of said shaft and being pivot able out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed " circumferentially about 

9 said shaft; an upper bearing plate member and a lower bearing plate member, 

10 each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 

13 differential screv el e m e nt connecting said shoulder and said shaft to apply 
Ik a buckling load to said columns; said- shoulder being eng&gsable with the 

15 limiting sleeve conns eted to ooid lover bearing plate member, whereby the 

16 axial travel of said bearing plato members is limited; said column members 

17 transmitting their buckling load to said arm members to urge said arm members 
IB outwardly with a subotontially constant force. 
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ecate^ to «* to ceSat*. * a-«c^ctcci « to tooL «oa 

prtwiAM on fr WIr-* 1 flaf*«caUffi of to Uxor to prvri£* a cswtor, 

am CtoUbod cortea ca to lnlf» oC itexr c=a -csvn awo oeqstoto 
ceatot totaoca «tt »c=amt c=i to U£*r. to a tysdtfil toolfio of thin *pa • 
on y^n r toi, to frtotto=al dies of to nroc-otnoP Afe o^Oloo tfea 
oacacatM rnc3 fer to «og=A.ota<p *M<* MpTrtlrg faco to * «tooafc 
ft=flU«3 ftt to fftwsff^ OX toiteu, «* WS «=5»tt in to 

Ito u talAC ustoltoS. car Mn=3lo t to ItoiAt «U «U ca»to* 

Oil CUXlXCt CStf *3t33 O TJiy ld0l Q4fl*i«e3l ftettt C£d*£x MOCitO la B««23GiW * 

jMcao todea ^0^^ <» C=3» to <=3=5=* tow«S* ^ M»=T. ■ 

' cr fcac» jcrsuei rcaw* to oc «ta caofc^ J 

cx to teeaatea to le*alUca tocSU Xft tocto=» ««^o Bo 

QUsatM c? Cx. cc=2=4B to ca=3^ too to 0230 o*uoicat=S, t£» Kcaiu 

Ina rM«fl can k=> tcol to T^»a otcak to to c=^arg, «n 

to to <pato3 arf to tMA. to oto» tealCM* *f> VZ*Q 

- r ^v^ , qirMcwP** to i=^yed to «c=30tdaa «P to ea««»l»- 

«ica oto, iane« ilftlailtifta «^ ca»«3C2K=* to oM*toi*3 o £B»*«J 
aewcoicitiTtea to fcattcA otic^ to «=il»ttto tttto to otos ec^tol- 
<U5ai ^ tafl i fltla , c=l ^ tho t«l d^3to oc^nrt ^i^allftr^ 
caa£;4» aftor t*to& pacsafl towa^i to Ucdt. 
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Ouco twlj> or «w %7ff» rxaucz* of fat, *«> ocptojsd lb ««iU* 
tojlntea (^x^tA il i» bk>ly p^foobLj a tool to c?c3 ***h zzs&xr ro 
li toocao uteri la tto «aU or noesa te=J<p to Kr> fay 



Croob cagoooo to frdrln a rssdro. 

to at^ttt cf tto cRNPk i^scaitoa la t£ Cc*ieo f o* <s?lyto3 » «*- 

otexr oizdka 1 i -^ula o ttsl o pro- 

aC&iafft a ptoe>> fcc£i=r c3£»& u> oa 
tow«a aac=fllxs3 fcal JCr seociUtos cstoU* Uc=w In a k=C*<* t*iot> 
^prdlao tool ma qplr to p«rc» to a cx^ate3ate=d ftaro to ifa li" 

cso=5=lcsft «=d eatly ftifcJitnksl cacotat tow oprtno «^wlca. * ftrttor 
0 T#s* to » ca y to o . t ca O »» wgrMlrg tea csjptoptoo «*a * 

hTtUa. E*©° cad o«to* «*Jooto of tfia Hwcattoo rAXl t=ac=» <95=2C=t V 
raftwcaco to tt» ftftoatoa. dacwipWw* or tto lawabtox. 

a u _ _ _ » , >■ , a v ith tto rroecat tosotua 1fc=n> to p<*»t£=d a an- 
ota&b rcyea apxtoo 4orto» *^= a 1 
olccot cdjcfl=afc oetd todj- c=Dtor, fccotoa t 
ocM C* f"** « nV — ■ <* ieaot «e=> of eato toatloa ploto 5 

^ lidt Ca teftootto of ooia calcio ofc — rt > to Dtwfea* ( 

ot ccdd nJcga cto=»* c^C3 c^Oicotoa <* 0 1 
C^mcd. Jfa g=> cA=3ic=4 CT Co lasccftlca. tfca ftcrc^3 ccz*=X> toc^ 
fcWteo to c&v* to o to c=;^toc«^Utollr=»lc^ 
o tesaa«» ctffl j — Bjjca i^atoo fado 1=3C3 i=iWc=il o ccia t=A 
to ^ cqccratea Qlo K^tetr to lies* tdr^j Icrtollca to ^ 

aaatal t t» o wfctotlolV e*»toat tow. 

to^-M^ «1U to to*to* t- ^r ArttA V ^cJC^o tA t£3 folium 
te3 Aeflcrlpttoa c=d ttts ocaCc^lnc fljcrlacs *^«toi 

ntzx* ID c=i tc*4 toc^i c=^Utoto a j^rttol c=p- 
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Tltfur* 2 lo a Mwtltxal »WM or tta e»art*» »r Fltfuo 1A tofam ot 

3 1ft » tTjrleol plot- or a^JXM *xroufl a»ffl£*tlim far 
too »3»*c«* A»*«o oporinj danrl«o 0* *aa Urtesftloa. 

Safari U* diwto»Pi U Ut tto tettoa parti** «T a 

lisar ft rr^'" g tool far *- 1* lartaUlas * »*WIU6 Ud» » o ertl, «^ 
n^it> ID UirrUT^3>e «w otdl* oettoa cf oob * =£=1 P»COO » ws=ft>. 
csata «a ijpcx ootrta oS tta tesl. tta onp»«3»Al taai U lo d*ad*a Co 
oVMafAtvall toMa* U fey acaUcs X3 07 to iewr* 

20 c=rroca tinted o «kOU (w* ofcsw) V> a J>*u* la c*M*i <n *£*co lb 

La dAOtreA 4o IcviaX-i. ft eatalHa lies*, fcfccna Uccartlco tfc* <=» l lerto ^ 

CT trtor Bo***!* eallaafalii crtn^l, <o flta*** C3 tbo e*r«e»toa 

ilmr u po^n^i in jeatttaa Vy «cau«rt si 11a vjwr c=i *M£x a cjlisartcai 
cteaJAar ca to l£ «*< «•> i*» «* wartaei tfita a flnTt-otaca ojaai- 

tcj <fe IT to tte f ot a* a trcaeatea da«ajto ee*> o&ftab ocra ao a ttrt%- 
atoc* wpaanau Ola la tta B43til«ftcr dw^t?3. -pso o^SIog dlo U 

llxoUyaOV^ t» . oaztaalli la****. otoc*<* «riJcl»l~l * 
eitea to a jcrtloa of %e* W, * tool. Ao tto ca*c=il=ci * 

£» iflfcalulnjOBW 1$^*^ tur^ oto to 

<fcart. .A plrroUW or evvaala 00, f*ett>*aMy ?«*Me4 eatorOJy 
CHavc* F=r*t» « -«r Utf a* AH^^a la 1*3 tan of » ayunaap 
Afcc=l otaf t. l£- 5te mlfat^a T=r»lBM or -ua cso 85 tsatao c=aci cai- 

icio & CMtctotiaUy *UXB1C* Ot^JO. alD C=^TO C2 OO J>i«toUj 

a^Urg ^-ar Si aUftoMr 1?a*4U<=^ « tto otefa Oft carra a.0 ogaa^ClttaD 
oro-^to. aa ocrfao of -tea c=£=* ^ 0t=3i c ^ av<ai * oLK=a to 

a&xx to oac^ ^» o» od an tbsa octtorfOjr. Wfat^, tto 

Itft eattoa aootUca, tasJwUy aotocjiaDl. la afc^o. E=> oapc=s>lC3 af tto caa 
c^ra W caota^i >y 05 fxratta of to c^afc^ » ttitch r»»<V q^nOlj 
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call) It wataoi* otoavux B6 prortAsd as *o «^n- 
4£WBTOrU7 diroaiU- oro*- « fftU icnwrflOjr ***** tfc 
ua 21 on falft is yJUx* « <1» by «13ai 2T erf < 

ptovidofl aa tt» otalt. 

otocp dix> Id <2«nQ towC* to IlCfiS- to ray** 1> *n Is 12a oeeLe* 

fUoi-otoo «Uo o fin* » fiafaia&ion * ^ "« <t* U So 

catawflly a=Mo« «11 of to ^ c=o=i-otoO toa 



paaa>o toc=3b to UESt on± yj tf vi&i* to neal a^=adc3 to c 
SO rafwo of to uc=r mS to xzW* ^ «~=> t^^ 3 XS ^ sr 

to -wil pf *to oaaaaa * CT»td-*itfrt e=al- 

la ejarotto, to Ilea* oattlaa tool lo ac x^A ax to Kirfcoc, ©• 
toorttej olww. cad o (Inn «WU» wiife o n»A*e« catartol 

tea eo*«cxtea Wto to to tta Uxor. tt» twc&j to tomtf 
lot* to «U ea to locatoa d*K* to Itor Id to bo <x». A litjcM, oca* 
« OU. to ton T=5=S edar prooanro tea to »U tabica ««« to«n£l 
tte'wwa, ptpHflca 1* *oli<tod 51, «*wC> Porto >£ or* into ^^a- 
63T » cc=*o**l to to uspar to toaJdcr HS«a to owiicatto ©X 

nm 0K3«ro to to «ni£4or, to * «^ * V**^ & * 

a> ^ m <wtoto *» to=a, ic& 36 «nc«U pOltoi «o* * *=l 

jfl ^ ataos Id c*=*=a to nanrt-0toO»t^ae«fladto«. •«« *b=» 5*»«° * 

o^t^^a^^tsdtWtt U a c=r^ rwoo i^flrc nrz^r 

c^Jofs! 00 axp tfca oiff=^l»3 caaW> «o carina ar=a « Qlto » 

30 uoi d to to caoieo wia to orfRrtcstUoUr oo waa olto. otl^loa 

ctto^aa^oealiiGa-^tcroct to lo j^cidrf^. or eaanco. 
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tatBoaa tto tssL ad V* Uiwr cai tta y^ooro ccartci dtflMt tfca coo- 
laa ait> r-Tti Tt-'— * ol p«a<rtarciea4 oaf* wsrteii opriao 

iwotjo tes* tin ocMflut pwacaw Vitew t*» Uar tos3&s psrtico fi> 

tf ^c 0 .mi»Gn»tca^v,ponA«ti» fc«U*a cf v~ o*d- 

e=£sr S3 f nt** a r**U« <* ourtmtiol cnw«l*^39i^ wcooM* 

siV * cc^ooo ataft t=fc=r lB ea tea ootetfl* o* ole* oiocirtU) tttesio 

cc^ss- Bfwjaca tdlh tfcre^a Wo c=l *U> «fca cafcAto e=± tfca iuado, 
TOTIOU^U/. to c=c=C? tfcrodo en alatt ocQ «so ■ trltirf . Ea te» 
cafe, CT t&reoto ero «=*co, ma* « crfifltd car Ccca «nc^, 

vUbstacfl «r» UtfJ Ittto «a 4ft pltth oo thai eawSibx » U 

t^-HOly «a tta otaft lB ttfoo tto otesf k lo jrwoiwi mlxAivo to *Mr»rtn *&. 
Sta t^a^ Jfl oocawd to «o ferfft 13 V opUnao 4) » Cfc* It cca oMflo 
LoaLtaandUy. tat it io oA n*a to wfcrto <n «=> aloft. VtraUjr a«eoi=a 
to tfco tor c=)«rtto UrtfttH la 0 ttirtlea c=h oto 

a c^aroaUoally o**u<iiod ftiotio* «r ««ar ocs& dovlca <te fxioucrilAy 
oc-ClcaMtti tfca ial^i nlleftt* ua&Xt to ow= tfca **r**a ocaioot 

j^-^ tt3C=2o 3fiitot!ac=aofltt3tcrt^ *a» tte=3n o.fj. xi£?> 

0^ Cacdio 323, oliD tco slt^ 8^4o tales tio=o V> t=3ly. tcao ' 
, ■ cjcait-oico y^tntlcn c5 <fta« wloU^o to tfci tWl^lo c=3 

c=t^r 53 to Civc=a3 t^^aC cOkJ»Uy c=l p c^doIcd 5o c^C-a 

&t£f cjtrczriloJL coipw no c^3o *0 ^olofl ft w ocd cso-fcolf WUfc23o/SCA oqo*0 
> itec^to C3 6 CbCft ^tntot^ly 1.7^lnc6 «Vil^ ^ ft« c-1 W-c^ 
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Douteat tea Dj«4«a »>c«fti >1 M=*ri«» ***** W » ° i,eso - 

taca=rf7 Kwitrttea «* ° ptoUtr o* «i«»c*"i omd otrft 

Oft. t^Moa^^^ V- «at~t «lth to* «*»r of V* 
m y ■ ccd io D«ltU>se3 C* *ton l£> to tiwM* t-o for©* of the 

teuta* plats c^tesr t>6 cctote Cj* Vx«/ «da of On eol*=> ffl* 10 
t^rMAly ita ccafl ty lc=alfc3lc=a lju — A <* lew* ocsottliaor P o* o 

lx> nab or Ito teaico to fta- ca W r MM efl a Vmr into 

W «a of ^ o»X^ ora laxsrtca. ^ cww « b ctejcd-V. 

c=nfcin aitt to or to «to ^ U A^U«»b 
c^fewad to analcfc> fcmi/P mttsr fms cpcfccnira o*a 1 



A 0*011 Rr MeW4cc5 tfc. fl*ruxrttw of u* ootea U n*ulrc4. 
Altoc^*>' to» c=A« o^f^b to * b«n^ oc^iTVr^ <*i>liooM» «f ' 
asc^iiw ca^aroolW Iff* tt3roto «mOA * ^ 

0*0*. Ssawfao, a p&lx of irtcja *0 «rf Jrjo «x* Tar F^^' 

to doa, *to cfaoo an ric*io oa=>o«L tea »oloo, e=4, to 

rffeoft awto tCP^r *»r UnlW^ ^ti««oa » tto to 

S> ftUCo Ic^atteltoUy V*wea. Sa orfo 0* tfca atopa £9 «n»o wocrt, or c=qj 

io £3&£cnfcc3 fSQ coOlcfl fl^3 Sector ofcasaVScr 5& o*c^otcd to t9io ofcafffc IB. 

,*=~p to c^c= o«A ^ aica to c&bf*. Pcir 001=00, or 

cajta^ C8^m^ * c^iopA fw OiopmKKO W Halt linalfcaauav 
c ~a far Jatoroi eofloottco cf ftoln=»- 
^ fin ^.11-^ cT to cnlr-i «l£»t c=ar to wrrcaooa ^ 

CLotft 10» ^io5» C3 oto t=*e rcno 0 patUa ^ ite trfy of Ifco Cffiotea 
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rmod cUol? (o^Ubr » tow, sr «*sgr fca «*o*«4 u * 
Mt on tickS UiUumi to rrtnfrldn to A«il«dl oi«las. Tfa fsc^J of 
wtoso cq>liqrad rtU to*** tffoa cato oi^wu-iaUco est to «.l*rtaio cf 
aaofctwtto. Sor cnapfa, to »icc5orcDM r^to of to eoto 07 fa 
-Dtolf, <«4 H*> ealT= csOb tdf fa JTWeS. flat, Jl** or Hoc*. D» prcjwca 
ac»tn»»e=> 10 o ton, oJcttfer toies trffa it**** ^» frw fa w» *titoa 
to noes t» to c=t~^ cr to eolr=i fefcarlofa x±K* ^ to 

octofootolfa <=*»^=d to to fale=s ar> c»*« otoio, 
cCwrtca cca oltol-torrto »toto>fa«o pto©1«, »cxU=3 «Rssr fa« olle^a, ocdl 
M n j^scfa* to«=». fcxymo k^t, V« n»«fal oJfajr* taa *n*r 
etortnfa iptnKSioa oottototwy P^n i nl pwy^Uw' ^i- 
vtoil catesan Isofl, wWjUm eroei-e«c«B», «ltb tta tiAtD faina 

(jjc=rlesf toa to loitosxu, ad Orrtstfjrtl k> tort V~ *wer of to 
to n^-a to oirrsto of to etafu caftoicj* ow^Hd 

toiler to calctaa fcs&lo, <ud ^ otet to ad* fariisa tfa fawt 
of Lx=»tla # o.o-, cRainasaVy scay fnw ofcaft IB. 

fa- 10»6*$»ADefc» l«m, tto ccAd vow fttariaxtaA fr» A^t.H.I 

*3M> tool. <ys«lsa o*=a anaa ct J75*P- TO to rc « alro 5 

tO CflttC^l C*^9«c3icn fa*a=u <* pc=Di» 1» o«l« to bcalda to o^lCd. 
. Aitw faafaicQ, to cabeao cs» food fa iaw a w*T «|tfii>fl diorertoilp- 
tao. ca ±wd to Wc30 Jb Po " tErttlpA faamica ^ ^ jjotoft 

0 n , r nfa to toA c=3 Co«artS«a at **c£i to otow in to wrf*c=> ntaw 
cr to o«c*££i ^ S*oM 1?=^ ef to aftertax. towofeLcallj. ofc^o 

too c^rtca oCMOottaiotla «rv> fa dsoertfaa fa Ci'iEO. o-toujr, 
- two earw Id CxfartoJl «310 <Uo fa trtcil« io tfa ayota. A c=fl 0 

KS^aat failcal tfltJtana Ualfa, ««4c^ at «=rw, ^ fa «*fad eoeonuoa to 
to aopilcAHo ftf tftfab to oprfaa t» doiacsea. W <w=9fa» tow o fan? 
c=Zzr tts ftofao oyoloA cn est cjttdiPto, a Tartrtoa atxoto tolw to 
)0 jioM prtno ray to oc3, O4lo trltt & cr«A c=ftwr al ffa*«a, ^ rertIlc 3 

otoao c=r » «o fao too to c=CaK=oo "nit of to t=*o*ol cacstja- 
wa, m to ete7«-c=rtlc=3l »oovb # to lofaio* yoXtotto va* M^tcl fa 
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o.aa> l«l»o. «« dofiootira to «=> fi=axr=i ttrf^. *>JO-p««*J 

l^catofl ias feed "to t» cwtotottollj «oafltead. 

zb csotiar a ppritaaac^^ «- tout, ~> cqpLasnaa » 

C-noouffl too UdteO Mioo OarfoW i*cto» *sr cooi- 
<**aea tooted cc^ocatol lo6*uisa to .ptoa«i^ ******* 

eCatca uflUg S*CM ps=3o oca » jcafll teaic a Oorutcsno ° ,cC * *»»* cfl 



^Jcso * UAcrol doftoAio ted critical tesMtoS ^Mo^S 
«t» fttwea towl ^ opto" * *» *«#«t*c4 edna* t***- 

M,, » left**, e *e^iaFi^i»^**^^™ c ^ 

rtlhtto.^atoC^nrt.oct^paaito. e» to* l« <* to todxod 
«U c5 caang cO tMriJo M tra iwbWo- carol 

caw S9 to qptoO * *** 1=50 ° P«^=^ 

it 1* tto to C^T toOOltC* tofd^fo«>. 

^ to Cl^'or'to F =^ot«^>U««^. tt ^11 to protend to* 
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